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INTRODUCTION
Growth of individual animals in cyclic populations is important because it is tied to the primary processes of birth, death and dispersal (Krebs & Myers 1974) . In this paper, growth and body composition of the redbacked vole (Clethrionomys gapperi) are related to seasonal and dietary changes. The absence of winter growth in C. gapperi, as in other microtines (Bergstedt, 1965; Hyvarinen & Heikura, 1971; Iverson & Turner, 1974) , is examined in terms of energyconservation and adaptation to a cold environment, and related to the differential growth rates between cohorts (Z e j d a, 1971). The roles of fat and dehydration in the metabolism of C. gapperi are compared to those observed in other rodents (F e d y k, 1974; H a y w a r d, 1965; Sawicka- Kapusta, 1968; Whitney, 1973) .
Diet is examined because of its influence on growth and body composition, and hence reproduction (Field, 1975) and rates of population increase. Seasonal changes in the feeding habits of C. gapperi are related to Hansson's (1972) hypothesis which suggests that summer diets are proteinaceous whereas winter diet quality is poor and largely carbohydrate. Finally, the cause of a drastic decline in C. gapperi numbers was examined with reference to body composition.
METHODS
The population of C. gapperi studied was situated 2.8 km northeast of the Whiteshell Nuclear Research Establishment at Pinawa, southeastern Manitoba, in black spruce (Ficea mariana) forest. Sphagnum covered about half of the forest floor, and the commonest shrubs were Ledum groenlandicum and Rubus idaeus, with Rubus pubescens, Vaccinium oxycoccos and Cornus canadensis as the commonest herbs • (Perrin, in press; Iverson & Turner, 1973) .
Lines of approximately 100 Museum Special snap-traps baited with peanut-butter were set at 10 m intervals biweekly for four consecutive nights from November 1973 to December 1974. Reproductive tracts were collected by autopsy, and the lower jaws were removed from each of 600 weighed and measured specimens to determine age (Perrin, 1978) .
The alimentary tracts were removed and a random sample of ten stomachs per month was examined to determine feeding habits. After washing, the stomach contents were treated with concentrated nitric acid, which causes partial destruction of mesophyll and allows cuticle to separate (P u 1 k i n e n, 1971). Further separation of these components with 1% iron alum solution was followed by clearing with concentrated chloral hydrate solution (Pulkinen, 1971) . Fragments were then suspended in 1% periodic acid, washed, and stained with Schiff's reagent and fast green. Two slides were prepared from each sample and counts of identified items on five parallel transects of each slide were used to determine the relative abundance of the various dietary items. Identified items were placed into one •of seven categories, i.e. monocotyledonous leaves, dicotyledonous leaves, vascular tissue, moss, lichen, seeds, and insects. No attempt was made to identify items in the diet to species because of: (1) the great inherent variability in plant epidermal structure (Esau, 1967; Linsbauer, 1930; Avery, 1933; Watson, 1942; Metcalfe & Chalk, 1972) ; (2) the differential digestibility of dicotyledons and sedges compared to grasses (Neal, Pulkinen & Owen 1973) ; and (c) the presence of cuticular digestion by rodents (Shenk, Elliot & Thomas, 1970; Pulkinen, 1971 ).
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(mineral) content. After dehydration at 80°C the dried carcasses were fat-extracted by the Soxhlet technique to determine lean dry weight (Allen, Grimshaw & Parkinson, 1974) . Carcasses were then finely ground in a Wiley Mill prior to nitrogen and ash content determination. The Kjeldahl method using 0.5 g samples, titanium dioxide as a catalyst (Williams, 1973 ) and a 6.25 conversion factor was applied (Allen et al., 1974) . For mineral (ash) determination, a 1.0 g dried sample was heated to 600°C for two hours in a Muffle furnace and reweighed after cooling. The residue left after cooling is a measure of total mineral content (Allen et al., 1974) . Seasonal variations in body composition were examined by Students t tests while correlation analyses were performed between lean dry weight and the various body components for each season.
A nearby grid was live-trapped biweekly alternating with snap-trapping to provide information on population demography (P e r r i n, in press). Seasons were separated as follows: autumn 1973 (November and December), winter (January to March), spring (April to July, overwintered adults only), summer (June to September, young of the year only), and autumn 1974 (October to December). All specimens were placed into one of fourteen monthly age classes (P e r r i n, 1978). Juveniles were sexually immature voles weighing ^ 18 g; sub-adults were heavier, but were of indefinite reproductive status, i.e., females might have possessed a perforate vagina but were not pregnant or lactating, males had scrotal testes but undeveloped ancillary glands; adults were mature pregnant or lactating females and potent males.
RESULTS
Lean dry weight varied seasonally (Fig. 1) , but growth was inhibited in winter. Males were significantly heavier than females in spring when growth in males preceded that of females. In July, sub-adult females were significantly heavier than sub-adult males. This difference was not caused by pregnancy but was associated with sexual maturation in females of the year. Greatest body weights were reached in June by overwintered adults and in October by young of the year. Maximum adult weights were only attained after overwintering had occurred. Seasonal changes in body weight were significant, except for female voles entering the first (1973-4) winter (Table 1) . Also, voles were significantly heavier in the autumn of 1974 than in the autumn of 1973.
The same growth pattern was exhibited when changes in body length were considered (Fig. 2 ). Males were longer than females in spring when growth rates were high, but the converse was true in summer and autumn. Voles in the autumn of 1974 were longer but also older than those of the previous autumn.
Significant levels (Table 1 ) of carcass dehydration occurred in winter (Fig. 3) . In June, there was a large significant difference in water content between overwintered adults and young of the year. There were no significant differences in carcass water content between the autumns of 1973 and 1974.
Fat was a variable carcass component, and although peak levels occurred in summer, there was little to suggest a seasonal pattern (Fig. 4) unless it was bimodal. Significant sex and generation differences in fat content occurred only during mid-summer. High fat levels in January and August preceded periods of growth in spring and autumn in overwintered adults and young of the year respectively. Only small seasonal changes occurred in protein content (Fig. 5 ). Significant sex differences occurred only in June and September, and there was a solitary significant difference between overwintered and spring generations in July. Protein content of males increased significantly between winter and spring, while that of females increased later, between spring and summer ( Table 1) . Protein levels were lower at the end of 1974 than for the same period in 1973, but not significantly so.
Ash content was approximately constant but some seasonal fluctuation was evident (Fig. 6 ). Males exhibited small but significant seasonal differences, with increases in winter and summer (Table 1) . Females lost 
S ä« ° « 6 t> o ¿í 53 « ai ^¿^a; <2 ¿i cu fagfe Pn^fc N a significant amount of minerals in spring, but their mineral conteint was greater than that of males in February and October. High levels <of mineral content may have followed high levels of fat content, and occurred twice annually. While most body constituents exhibited significant differences ov<er the summer period (Table 1) , few significant differences in body composition occurred over the winter period or between the autumns of 1973 and 1974. Much of the variation in the body composition data, except for fat content, was explained by correlation with changes in lean dry 781  I  I  I  I  I  I  I  I  I  I  I  I  I Fig. 2 . Mean body length (± standard error) of wild C. gapperi throughout the sample period. Males (cT) and females ($), adult males (AcT) and adult females (A$), and, subadult and juvenile males (JcT) and females (J$) are indicated separately where significant differences (p<0.05) occur between these classes (N=543).
weight (Table 2 ). This suggests that many changes in body composition are related to changes in weight or growth. The major dietary component was dicotyledonous leaves, particularly in spring and late autumn (Fig. 7) . However, seeds were important throughout the breeding season when few dicots were taken; insects were also taken at this time. The commonest large seeds were from Vaccinium, Rosa and Rubus species, but a much wider variety of smaller species was eaten. The commonest insects recorded were ants and the forest tent caterpillar (Malacosoma disstria), but many species were unidentifiable. Vascular plant tissue, lichens, mosses, and monocots form- ed a small but stable component of the diet throughout the year. Population numbers were stable throughout the first winter of the study, increased in spring to a peak in August (when maximum recruitment and loss occurred), and declined steadily thereafter (Fig. 8) . The decline produced an extremely low density at the end of regular trapping in December 1974. In May 1975 numbers were still very low, as demonstrated by removal trapping for five days, after a week's prebaitmg. None of the animals captured in December 1974 were retrapped in May 1975 (Table 3) , but during the previous winter 59°/o of the volescaptured in December were present in May and had survived the inter- •cm a» 3 ; H a n s s o n, 1972) and appears to be a general phenomenon among cold-climate rodents.
Lower mean winter weights did not result from a younger population age structure since weight loss followed the cessation of breeding (P e r -JUL. AUG. SEPT OCT. NOV. DEC. Loss of heavy individuals in autumn might also contribute to a decrease in mean body weight. Since only young of the year overwinter (P e r r i n, in prep.) such changes, if present, must be based on differences in survival between individuals born in the same season, thus involving the complex problem of differential growth between cohorts (Ze j da, 1971) as in C. glareolus. However, only first cohort (i.e., born before June 1) C. gapperi matured and gained weight in the' season of their birth. Thus, winter weight loss could be partly attributable to the mortality of the first cohort in autumn, which would only have a slight effect upon population age structure. However, most of the mortality in the first cohort, particularly in males, occurs in midsummer (P e r r i n, in prep.) and therefore cannot be the cause of weight loss within the population. This is supported by the research of Markov, Christov & Gliwicz (1972) , Zejda (1967) and G M w i c z (1975) on C. gla-reolus. Thus, it is suggested that low winter weight of C. gapperi is primarily due to weight loss by early cohorts, and to an inhibition of weight gain in late cohorts. Spring growth of C. gapperi preceded snow melt and hence marked increases in primary production and food availability, but occurred simultaneously with gonad maturation (Perrin, in prep.) . This suggests Fig. 7 . Composition of the diet of wild C. gapperi throughout the sample period.
that change in daylength (Roth, 1974 ) is the proximate factor regulating the onset of growth rather than food availability. Cessation of growth in C. gapperi occurred when the diet contained a high proportion of nutritious seeds and at least two months before snow fall, suggesting perhaps a daylength cue. Chitty, Pimental & Krebs (1968) and Ryszkowski (1969) have similarly recorded the cessation of reproduction and growth when food supplies are abundant. Thus, it appears that the proximate cause of growth in C. gapperi is related to daylength and sexual maturation rather than to food supply, which might however, be the ultimate controlling factor. If weight gain to adult weight requires certain hormone levels, as proposed by T u r 6 e k (1954), the action of hormones could be the mechanism producing weight 311.
change in response to a cue such as daylength. Such a system would explain why seasonal body weight fluctuations of C. gapperi are apparently out of phase with changes in food availability.
Winter inhibition of growth and reproduction in C. gapperi must lead to a conservation of energy. Indeed in C. rutilus, the daily caloric requirements are approximately 30°/o less in winter than summer owing to weight loss (Rosenmann, Morrison & Feist, 1975) . However, with low ambient temperature more energy is required for thermo- genesis but since energy requirements are related to body weight, energy for thermoregulation can be reduced in winter by a small body mass (Mezhzherin, 1964 ; M c N a b, 1971). Also, low weight is associated with a lower-metabolic rate in C. glareolus (Górecki, 1968) , and must aid energy conservation. Thus, it is suggested that winter weight loss in C. gapperi is an adaptive mechanism enhancing energy conservation and consequently survival. Significant levels of dehydration occurred in C. gapperi in winter and have been reported in several other rodents (W h i t n e y, 1973; Pucek, 1973; Sawicka-Kapusta, 1968) . It is often associated with low winter weights and low metabolic rates in microtines (Hansson & Grodziński, 1970) , and with pelage changes in Peromyscus (H a yward, 1965) . Winter dehydration in C. gapperi might be part of an adaptive response to cold conditions, associated with reduced energy expenditure or improved insulation, but this needs investigation and verification.
There was no annual cycle of fat storage in C. gapperi and a similar result has been reported in the detailed study by Evans (1973) on Microtus agrestis. It is suggested that the pattern of winter fat accumulation in rodents (F e d y k, 1974; Sawicka-Kapusta, 1968; Sea lan der, 1972; Hsia-Wu-ping&Sun-Chung-lu, 1963) is a great oversimplification of complex temporal changes in lipid metabolism. Pucek (1973) has shown that maximum fat levels of rodents may occur at any time of the year; Hsia-Wu-ping & SunChun g-1 u (1963) have suggested possible differences in fat content with the cyclical phase of populations. It is often assumed that high fat levels act as energy reserves but Evans (1973) has demonstrated that fat reserves of M. agrestis, equivalent to those of C. gapperi, are only sufficient to maintain a non-feeding vole for nine hours. It is therefore concluded that fat deposition in C. gapperi does not act as a seasonal energy store, but might be concerned with insulation or possibly circadian changes in energy utilisation.
There was no significant increase in fat content of female Clethrionomys gapperi during the breeding season although Microtus deposit fat at this time (Evans, 1973; Iverson & Turner, 1975) . The absence of fat accumulation in breeding female C. gapperi might be due to extremely high energy demands associated with pregnancy and lactation (Kaczmarski, 1966) , but this is unlikely since similar metabolic changes occur in Microtus (M i g u 1 a, 1969; Trojan & Wojciechowska, 1967). Thus, the observed difference might be associated with different foraging strategies or feeding habits. However, increases in protein in C. gapperi in the breeding season were small but consistent with those recorded for Microtus (Evans, 1973; Iverson & Turner, 1975) .
Since protein contents of pregnant C. gapperi were similar to those of non-pregnant individuals, body protein was not utilised for embryo production, and thus protein ingestion and assimilation must have increased to meet the increased demands. Although protein levels were generally stable, losses occurred during the population decline. This may have been indicative of protein shortage and nutritional stress, since lipid content was also depressed, and mineral content elevated.
The spring increase in mineral carcass content was temporally associated with spring growth, and the loss of minerals in autumn with loss of weight. Only at these times did females contain significantly more minerals than males. These differences might therefore be related to differences in metabolism or endocrinological changes associated with the onset and cessation of growth and reproduction.
In C. gapperi there was a seasonal change in the diversity of food items eaten, and their relative abundance, as occurs in other Clethrionomys species (K a 1 e 1 a, 1957 ; Z e m a n e k, 1972; Miller, 1954; Watts, 1968; Holisova, 1966) . Hansson (19^) has proposed a hypothesis that suggests that feeding habits of herbivorous small rodents change from the protein-rich food required for growth and reproduction in summer, to a winter diet low in protein but high in carbohydrate which supplies energy for respiration and maintenance. This dietary switching is undoubtedly due to the relative abundance of preferred foods, such as insects (O b r t e 1, 1973). In C. gapperi, proteinaceous seeds and insects formed an important part of the summer diet, that was almost absent in winter. Most of the plant food taken in winter consisted of dead dicotyledons, which are low in protein content (Bliss, 1971 ) but probably contain sufficient carbohydrate (M c B e e, 1971) for maintenance. Such seasonal changes in diet quality must influence maternal nutrition, and affect weaning success and the growth and survival of juveniles, but little information is available.
It is interesting to compare the differences in C. gapperi body composition for the declining population of the 1974/5 winter with those from the previous winter. Although the weather and population density were different in the two years (P e r r i n, in prep.) the composition of the diet for the two periods was almost identical. Hence any observed differences in body composition were not likely to have been caused by a change in food availability, but may have been associated with changes in food quality. Lack of snow cover caused freezing of the normally subnivean forest floor vegetation which might have affected food quality or the voles foraging behaviour, and caused greater exposure to predators. Body weight and water content of the carcasses was similar for both winters, but fat content was reduced in the declining population. In fact, the fat content of 9.1 ± 0.9°/o was one of the lowest values recorded, and was only slightly above the level of fat retained at death (7.9 ± 1.4%) in starved M. agrestis (Evans, 1973) , indicating that fat reserves had been depleted. Protein content was reduced in voles from the declining population but was not significantly lower than those from the peak population. This reduced protein content, which was associated with a high mineral content, might be indicative of protein breakdown and its utilisation by the body. Whether such changes in body composition in relation to density changes are meaningful is unknown but the temporal synchrony is suggestive of a positive correlation.
For C. gapperi it has been shown that seasonal changes occur in diet, body weight and carcass hydration. Body weight and water content appear to change in an adaptive manner in relation to a strongly seasonal environment. However, fat does not constitute a seasonal energy reserve, and must have another function, perhaps concerned with insulation or short term changes in energy requirements. Protein and mineral contents are essentially constant but exhibit small fluctuations possibly due to rapid growth or to nutritional stress.
Although causal relationships between nutrition and seasonal changes in growth rate have been demonstrated in Microtus arvalis (Martinet & Spitz, 1971) , there is little positive information to link nutrition directly with reproductive success (Evans, 1973) or population density (Hoffman, 1958; Tast&Kalela, 1971 ). However, it is known that an increased food supply may lengthen the reproductive season (Hansson, 1971) or cause the onset of reproduction to be shifted forward (Watts, 1970; Andrzejewski, 1975) and may modify the onset of puberty (Z e j d a, 1962). Nevertheless more information is required for Clethrionomys populations. Future research must examine food selectivity in relation to nutrient content and reproductive success, for all phases of the population cycle. dziej dostępny. Określa to odżywianie się matek oraz wzrost i przeżywanie mło-dych zwierząt. Początek i czas trwania rozrodu nie zależy od zmian w diecie.
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